Linguistic units are organized at multiple levels: words combine to form phrases, which combine to form sentences. Ding, Melloni, Zhang, Tian, and Poeppel (2016) discovered that the brain tracks units at each level of hierarchical structure simultaneously. Such tracking requires knowledge of how words and phrases are structurally related. Here we asked how neural tracking emerges as knowledge of phrase structure is acquired. We recorded electrophysiological (MEG) data while adults listened to a miniature language with distributional cues to phrase structure or to a control language which lacked the crucial distributional cues. Neural tracking of phrases developed rapidly, only in the condition in which participants formed mental representations of phrase structure as measured behaviorally. These results illuminate the mechanisms through which abstract mental representations are acquired and processed by the brain.
Introduction
Linguistic units are organized at multiple levels, producing layers of structure: word combinations form phrases, which combine to form sentences. Continuous speech lacks definitive physical cues to the boundaries between these units (Lehiste, 1970; Morgan & Demuth, 1996) . Nevertheless, recent experiments reveal that the brain tracks the presentation of linguistic units in real time, "entraining" to multiple levels of hierarchical structure simultaneously. Ding, Melloni, Zhang, Tian, and Poeppel (2016) recorded magnetoencephalography (MEG) data while native speakers of English or Mandarin Chinese listened to sequences of words, phrases, or sentences in each language. The units at each level of organization occurred periodically, at a specific frequency. The neural response to units at each hierarchical level was extracted by calculating the MEG power spectrum at each frequency. Results revealed concurrent tracking (timelocked neural activity) of phrases and sentences in the native language, but not in a foreign language. The authors emphasized that neural tracking reflects knowledge of an abstract mental grammar rather than low-level statistical information. However, this grammar was acquired through a learning process. At some earlier stage there must have been a transition where learners began to represent serially ordered material hierarchically. When during this transition does the brain begin to track hierarchical structure in real time?
Learners can organize continuous speech into smaller units through statistical learning. For example, learners use transition probabilities between syllables to identify word boundaries (Saffran, Aslin, & Newport, 1996) . However, knowledge of these boundaries does not necessarily lead to neural tracking of the corresponding units. Buiatti, Peña, and Dehaene-Lambertz (2009) report neural tracking of newly segmented words only when boundaries were marked with subliminal (25 ms) pauses, and not in conditions without pauses, even though participants discriminated words from part-words in both conditions. Subliminal pauses also marked word boundaries in a study by Kabdebon, Pena, Buiatti, and Dehaene-Lambertz (2015) on neural tracking in infants. One adult statistical learning study (Batterink & Paller, 2017) reported tracking without perceptual cues, but that study used simple and repetitive materials designed by Saffran et al. (1996) for 8-month-old infants. (The entire 12-minute exposure session consisted of four repeating trisyllabic words, which infants learn after two minutes.) Neural tracking of this highly repetitive speech stream seems different from the type of response reported by Ding, Melloni, Zhang, et al. (2016) , which varied with the abstract hierarchical structure of the materials. Indeed, Batterink and Paller (2017) report that the same
